ach cell in your body is surrounded by a plasma mem-

brane that separates the cell from interstitial fluid. The

major function of the plasma membrane is to selectively

permit the exchange of molecules between the cell and
the interstitial fluid, so that the cell is able to take in sub-
stances it needs while expelling the ones it does not. These
substances include gases, such as oxygen and carbon dioxide;
ions; and larger molecules such as glucose, amino acids, fatty
acids, and vitamins.

Molecules move across the plasma membrane either
passively or actively. In active transport, molecules move
across the plasma membrane with the expenditure of cellular
energy (ATP). In passive transport, molecules pass through
the plasma membrane without the expenditure of any cellular
energy. Examples of passive transport are simple diffusion,
osmosis, and facilitated diffusion. Simple diffusion is the
spontaneous movement of molecules across a biological
membrane’s lipid bilayer from an area of higher concentra-
tion to an area of lower concentration. Osmaosis is the diffu-
sion of water across a semipermeable membrane. Facilitated
diffusion is the movement of molecules across a selectively
permeable membrane with the aid of specialized transport
proteins embedded within the membrane.

In this lab, we will be simulating each of these cell
transport mechanisms. We will begin by examining simple
diffusion.

Simple Diffusion

All molecules, whether solid, liquid, or gas, are in continuous
motion or vibration. If there is an increase in temperature, the
molecules will move faster. The moving molecules bump into
each other, causing each other to alter direction. Thus, the
movement of molecules is said to be “random.” If one were to
release a drop of liquid food coloring into a large beaker of
water, the food coloring molecules would randomly move
until their concentration was equal throughout the beaker.
The molecules would reach equilibrium through this process
of diffusion. We define diffusion as the movement of mole-
cules from one location to another as a result of their random
thermal motion. Simple diffusion is diffusion across a bio-
logical membrane’s lipid bilayer.

The speed at which a molecule moves across a membrane
depends in part on the mass, or molecular weight, of the mol-
ecule. The higher the mass. the slower the molecule will dif-
fuse. Normally, the rate at which a substance diffuses across
the membrane can be determined by measuring the rate at
which the concentration of the substance on one side of the
membrane approaches the concentration of the substance on
the other side of the membrane. The magnitude of the net

Objectives

1. To understand the selective permeability function
of the plasma membrane

2. To be able to describe the various mechanisms by
which molecules may passively cross the plasma
membrane f

To be able to describe the various mechanisms by
which molecules are actively transported across
the plasma membrane

To understand the differences between how

membrane transporters work with and without
the expenditure of cellular metabolic energy

To define passive transport, active transport,
simple diffusion, facilitated diffusion, osmosis,
solute pump, hypotonic, isotonic, and hyper-
tonic

movement across the membrane, or flux (F), is proportional to
the concentration difference between the two sides of the
membrane (C, — C;), the surface area of the membrane (A),
and the membrane permeability constant (k,):

F = k,A(C, — C)

Nonpolar substances will diffuse across a membrane
fairly rapidly. The reason is that nonpolar substances will dis-
solve in the nonpolar regions of the membrane —regions that
are occupied by the fatty acid chains of the membrane phos-
pholipids. Gases such as oxygen and carbon dioxide,
steroids, and fatty acids are prime nonpolar molecules that
will diffuse through a membrane rapidly.

In contrast, polar substances have a much lower solubil-
ity in the membrane phospholipids. Certain compounds that
are intermediates of metabolism are not usually allowed
through the membrane, as they are often ionized and contain
groups such as phosphate. Thus, once produced in a cell, they
cannot leave even if their concentrations are higher inside the
cell than they are outside the cell. From this we can see that it
is the lipid bilayer portion of the plasma membrane that is re-
sponsible for the membrane’s selectivity in what it allows
through.

Ions, such as Na™ and C1 ™, tend to diffuse across a mem-
brane rather rapidly. This suggests that a protein component
of the membrane is involved—and in fact, proteins do form
channels that allow these ions to pass from one side of the
membrane to the other. Remember that the channels are se-
lective. Channels that allow sodium through will not usually
allow other ions, such as calcium, through.
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Go To Experiment Tools

Solute

# equilibrium
not reached

Help Simple Diffusion

Figure 1.1 Opening screen of the Simple Diffusion experiment.

Diffusion will lead to a state in which the concentration
of the diffusing solutes is constant in space and time. Diffu-
sion across a membrane tends to equilibrate so that there are
equal solute concentrations on both sides of the membrane.
The rate of diffusion is proportional to both the area of the
membrane and the difference in concentration of the solute
on both sides of the membrane. Fick’s first law of diffusion
states

—

= —DA AJ/A,
where

= net rate of diffusion (gms or mols/unit time)

= diffusion coefficient for the diffusing solute

= area of the membrane

= concentration difference across the
membrane

« = thickness of the membrane

b PO

Activity 1:
Simulating Simple Diffusion

Follow the instructions in the “Getting Started” section at the
front of this manual for starting PhysioEx 3.0. From the Main
Menu, select the first lab: Cell Transport Mechanisms and
Permeability. You will see the opening screen for the “Sim-
ple Diffusion” activity, shown in Figure 1.1.

In this activity we will be simulating the process of diffu-
sion across the plasma membrane. Notice the two glass beakers
at the top of the screen. You will be filling each beaker with
fluid. Imagine that the right beaker represents the inside of a
cell, while the left beaker represents the extracellular (intersti-
tial) fluid. Between the two beakers is a membrane holder into
which you will place one of four dialysis membranes found on
the right side of the screen. Each of these membranes has a dif-
ferent “MWCO,” which stands for “molecular weight cut off.”
Molecules with a molecular weight of less than this value may
pass through the membrane, while molecules with higher mol-
ecular weight values cannot. To move a membrane to the mem-
brane holder, click on the membrane, drag it to the membrane
holder, and let go of your mouse button—the membrane will
lock into place between the two beakers.



Below each of the two beakers is a solutions dispenser.
You may set how many millimoles (mM) of different solutes
(Na'/Cl™, urea, albumin, or glucose) you want to dispense
into each beaker by clicking on the (+) or (—) buttons be-
neath each solute name. You may also dispense deionized wa-
ter into either beaker by clicking the Deionized Water button
under the beaker you wish to fill. Clicking the Dispense but-
tons under each beaker will then cause the beakers to fill with
fluid. Clicking the Flush buttons under each beaker will
empty the beakers.

At the bottom of the screen is a data recording box. After
each experimental run, you may record your data by clicking
the Record Data button. If you wish to delete the data for any
given run, simply highlight the line of data you wish to delete
and then click Delete Run. You may also print out your data
by clicking Tools (at the top of the screen) and then selecting
Print Data.

1. Using the mouse, click on the dialysis membrane with
the MWCO of 20 and drag it into the membrane holder.

2. Adjust the mM concentration of Na™/Cl~ for the left
beaker to 9 mM by clicking the (+) button. Then click the
Dispense button under the left beaker to fill the beaker.

3. Click the Deionized Water button under the right beaker
and click Dispense under the right beaker to fill the beaker.

4. Set the Timer for 60 minutes by clicking the (+) button
next to the Timer display (which will be compressed into
60 seconds.)

5. Click on the Start button to start the experimental run.
Note that the membrane container descends into the equip-
ment. Also note that the Start button is now a Pause button,
which you may click to pause any run.

6. As the Elapsed Time display reaches 60, note the con-
centration readings for each beaker in the displays on each
side of the two beakers.

7. Once the Elapsed Time display has reached 60, you will
see a dialogue box pop up telling you whether or not equilib-
rium was reached.

8. Click Record Data to save the data from this run.

9. Click the Flush buttons on both the left and right sides to
empty the beakers.

10. Return the dialysis membrane to its starting place by
clicking and dragging it back to the membrane chamber.

11. Now, repeat steps 1-10 with each of the remaining
dialysis membranes. Be sure to record the data for each run.
After each run, flush both vessels and return the dialysis
membrane.

Turn to the Periodic Table of Elements on p. 4 of this
booklet.

What is the molecular weight of Na™?

Cell Transport Mechanisms and Permeability 3

What is the molecular weight of C1™?

Which MWCO dialysis membranes allowed both of these

ions through?

12. Repeat this experiment using each of the remaining
solutes (urea, albumin, and glucose) in the left beaker and
deionized water in the right beaker. Be sure to click Record
Data, flush both beakers, and replace the dialysis membrane
after each run. Click Tools — Print Data to print your data.

13. Fill in the chart below with your results.

Chart 1 Did Diffusion Take Place?

Membrane (MWCO)

Solute 20 50 100 200

NaCl

Urea

Albumin

Glucose

Which materials diffused from the left beaker to the right
beaker?

Which did not?

Why?
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